Objectives: Benzene is commonly emitted in several industries, leading to widespread environmental and occupational exposure hazards. While less toxic solvents have been substituted for benzene, it is still a component of petroleum products and is a trace impurity in industrial products resulting in continued higher occupational exposures in industrial settings in developing countries. Materials and Methods: We investigated the potential use of an electronic nose (e-nose) to monitor the headspace volatiles in biological samples from benzene-exposed Egyptian workers and non-exposed controls. The study population comprised 150 non-smoking male workers exposed to benzene and an equal number of matching non-exposed controls. We determined biomarkers of benzene used to estimate exposure and risk including: benzene in exhaled air and blood; and its urinary metabolites such as phenol and muconic acid using gas chromatography technique and a portable e-nose. Results: The average benzene concentration measured in the ambient air of the workplace of all studied industrial settings in Alexandria, Egypt; was 97.56±88.12 μg/m 3 (range: 4.69-260.86 μg/m 3 ). Levels of phenol and muconic acid were significantly (p < 0.001) higher in both blood and urine of benzene-exposed workers as compared to non-exposed controls. Conclusions: The e-nose technology has successfully classified and distinguished benzene-exposed workers from non-exposed controls for all measured samples of blood, urine and the exhaled air with a very high degree of precision. Thus, it will be a very useful tool for the low-cost mass screening and early detection of health hazards associated with the exposure to benzene in the industry.
E.I. MOHAMED ET AL.
IJOMEH 2013;26(1) 166 unit used to collect samples of air containing the odoriferous volatiles from the headspace above the sample; b) a test chamber housing the sensor array; and c) a processing unit which analyzes the sensor response patterns using various feature extraction and classification statistical algorithms [8] [9] [10] . The objectives of the present study were to investigate the potential use of an e-nose to monitor the headspace volatiles in biological samples from benzene-exposed Egyptian workers and non-exposed controls and to investigate causes of these odors in relation to their biochemical parameters by conventional chemical analysis techniques.
SUBJECTS AND METHODS

Subjects
Adult non-smoking male workers in printing, textile and petrochemical industries exposed to benzene in Alexandria, Egypt (N = 150, age range: 24-60 years, and mean age ±SD: 34.12±4.35 years), as well as sex-and agematched non-smoking non-exposed controls (N = 150, age range: 24-59 and mean age ±SD: 33.91±3.75 years) were asked to freely volunteer to participate in the study. All participants were instructed about the study aim, procedures and benefits and asked to sign informed consent prior to their inclusion in the study. All participants were subjected to complete history taking and thorough physical examination by expert physicians at the Internal Medicine Department, Medical Research Institute, Alexandria University, Egypt to determine their occupational history, food and smoking habits, and health status. The conditions of their work environment, working time and work shift were also recorded. The Ethics Committee of the Medical Research Institute, Alexandria University; approved the study protocol and all experimental procedures are in accordance with the Helsinki Declaration of 1975, as revised in 1983.
INTRODUCTION
Benzene, a major monocyclic aromatic hydrocarbon, is still a component of petroleum products and is a trace impurity in a variety of industrial and commercial processes in the manufacturing of lubricants, detergents, rubber, dyes and pesticides [1, 2] . The exposure of workers to benzene occurs through inhalation and/or absorption via the skin [2] . Benzene is metabolized in the human body to phenols, which can be detected in the urine of exposed workers [3] . According to the American Conference of Governmental Industrial Hygienists (ACGIH), the maximum assigned threshold limit value of benzene, as a time-weighed average concentration, in a normal 8-hour workday and a 40-hour workweek is 30 mg/m 3 . Acute exposure to benzene can cause dizziness, euphoria, giddiness, headache, nausea, staggering gait, weakness, drowsiness, respiratory and gastrointestinal irritation, pulmonary edema and pneumonia, convulsions and paralysis [2, 4] . Benzene can also cause irritation to the skin, eyes and mucous membranes. Moreover, chronic exposure to benzene can cause fatigue, nervousness, irritability, blurred vision, and labored breathing. Repeated skin contact can cause redness, blistering, and scaly dermatitis [2, 4, 5] . Recent studies showed significant hematological disorders, chromosomal aberrations as well as relatively high concentration of phenol in 24-hour urine samples due to exposure to benzene in chemical industry workers [4] [5] [6] [7] . Furthermore, blood disorders may lead to anemia and other diseases causing a significant reduction in working capacity and activity of workers, loss of working hours, and the increase in the costs of medical care of the affected workers [4] . Recently, there has been an increasing interest in the development of Electronic Nose (e-nose) technology, which is an electronic instrument capable of detecting and recognizing many gaseous vapors and odors [8] .
In an e-nose there are three components: a) a sampling conditioning
